Background: In order to increase access to antiretroviral therapy (ART) in HIV-infected children, paediatric HIV care has been introduced in health centres in Ethiopia, where patients are managed by health professionals with limited training. Objective: To compare outcomes of paediatric HIV care in hospital and health centre clinics and to determine risk factors for death and loss to follow-up (LTFU). Design: Retrospective comparison of patient characteristics and outcomes among children managed in a public hospital and all five public health centres in the uptake area. Results: Among 1,960 patients (health centres 572, hospital clinic 1,388), 34% were lost to follow-up, 2% died, 14% were transferred out, and 46% remained in care. Children initiating ART in the hospital clinic had lower median CD4 cell counts (age B1 year: 575 vs. 1,183 cells/mm
including provision of ART, from doctors to nurses has been associated with excellent outcomes in adult patients in South Africa (7) . In a recent study based on aggregate programme data from five sub-Saharan countries, lower rates of loss to follow-up (LTFU) and death were observed among children receiving ART in primary health facilities than in secondary health facilities (8) . Additionally, satisfactory outcomes of paediatric HIV care in Zambian health centres have been reported (9) .
Providing ART to children is more complex and challenging than treating adults. HIV-positive children are frequently confronted with a range of medical and psychosocial problems. Many such individuals are orphans, some of whom lack regular alternative caretakers (10) . Concomitant health problems, such as malnutrition (11) and tuberculosis (TB), are common (12) . Drug adherence, which is of critical importance for treatment outcome, may be more problematic in children than in adults (4) . Furthermore, the dosing of antiretroviral drugs in children has to be continuously modified during growth.
In Ethiopia, decentralisation of both adult and paediatric HIV care was begun in 2005, and antiretroviral drugs are provided free of charge through a national programme. The number of HIV-infected Ethiopian children was estimated to be 80,000 in 2010 (13) ; however, according to the 2012 UNAIDS report, only one in five eligible children receive ART (1) . A study conducted in Addis Abeba showed that the median age at ART initiation was 5.9 years and 6.3% died during their first year of ART (14) . The decentralisation of HIV care calls for assessment of the outcome of care provided in health centres. Whereas hospitals provide the highest level of health facilities with a full cadre of health professionals available, medical staffing in health centres is restricted to nurses and health officers (with 4 years of academic training).
In a study based on register data in the Oromia region from 2010, similar ART outcomes were found for adults treated in health centres and in hospital clinics (15) . However, no such comparison has been performed for children, and published data on paediatric ART in Ethiopia have hitherto been restricted to hospital settings (14, 16, 17) .
The main objective of this study was to compare the outcomes in HIV-infected children receiving care in health centres to those treated in a large hospital clinic in Ethiopia. In addition, we analysed risk factors for adverse treatment outcomes (death and LTFU) among HIVinfected children initiating ART in these health facilities.
Methods

Study setting
This study was conducted in Adama, the economic capital of the Oromia region in Ethiopia. Adama has around 300,000 inhabitants and is located on a major transport highway linking Addis Abeba and Djibouti. All public health facilities within a radius of 25 km providing HIV care were included as study sites: the Adama Regional Hospital [which had the largest number of patients on ART in Ethiopia in 2010 (18) ] and the health centres of Adama, Geda, Wolenchiti, and Dera. Characteristics for the study sites are presented in Table 1 .
In the hospital clinic, children are managed by nurses specialised in paediatric HIV care, and physicians are available for consultation. In the health centres, nurses or health officers who have received basic training in the management of HIV infection and ART, manage patients. Physicians are not available in these facilities.
Irrespective of type of facility, all professionals involved in the management of HIV-infected patients are The number of staff refers to the whole facility. HC, health centre.
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required to have completed formal training on the principles of ART (19) . All health facilities follow national guidelines for the management of HIV infection, and have access to similar drugs (both for ART and for the treatment of opportunistic infections) (2), as well as nutritional support. Both clinic visits and antiretroviral drugs are provided free of charge.
HIV diagnosis is based on rapid antibody tests according to national guidelines; for children below 18 months of age, detection of HIV DNA from dried blood spots or p24 antigen is used (20) . All HIV-infected children are followed at monthly visits, before and after initiation of ART.
Study design
All children (age below 15 years) with confirmed HIV infection registered in the study sites between 1 January 2007 and 1 July 2012, were included. No other exclusion criteria were applied. Before initiation of ART, subjects are registered as 'pre-ART patients', while all subjects who have started ART are henceforth categorised as 'ART patients'.
Patients were included in the pre-ART cohort if ART was not prescribed within the first 30 days and in the ART cohort after treatment initiation. All were followed from the date of diagnosis until one of these outcomes: death, documented transfer to another health facility (transfer out), LTFU (defined as no registered clinic visit for more than 90 days since the last visit), start of ART (for patients not receiving ART within the first 30 days Á the pre-ART cohort) or the end of study follow-up (1 July 2012).
Since this study was performed retrospectively and covered a time period of more than 5 years, tracing of patients registered as lost to follow-up was not possible.
For all included individuals, collected data comprised gender, age, and date at enrolment, date of last recorded clinic visit, type of health facility, type of primary caretaker and prescribed treatment for active TB. The number of days since the last clinic visit (from 1 July 2012) was calculated and used to determine whether a patient had been lost to follow-up. For patients on ART, the date at the start of ART (treatment start, TS) was also collected and used to calculate age at TS, number of days from diagnosis to TS and number of days on ART. For patients with missing date of birth (18.5% of the study population), reported age at the date of registration was used to estimate age.
Additionally, data on weight, WHO clinical stage, CD4 absolute cell count, and CD4 cell percentage were collected at three time points (TS, 5Á7 months, and 11Á13 months) after TS for patients on ART. For pre-ART patients, these data were only collected at their last visit.
Data collection procedure At Adama Regional Hospital, patients eligible for this study were identified from an existing database at this clinic. After each clinic visit, trained data clerks enter patient data into this database from patient cards. This database was also used for retrieving participant data for this study. To confirm the validity of the database, 173 out of 1,388 (12.5%) patient cards were collected and crosschecked with the database. The error rate was below 3%.
The health centres had no computerised databases; instead, study data were retrieved from patient registers and individual patient cards. At each site, patients matching inclusion criteria were identified using pre-ART and ART registers covering the study time periods. Medical record numbers were retrieved from these registers and used to find each individual patient card. The registers were also used to crosscheck pre-ART patients starting ART. In cases where individual patient cards could not be found (71/572, 12.4%), data on age at enrolment, gender, and study outcomes (in such cases the outcome were explicitly noted in the register as 'lost', 'dead' or 'transfer out') was entered from registers. Since visits at the health centres were not consistently entered in registers, this variable could not be studied for patients without patient cards. As no outcome was noted in the registers for 57/572 (10%) subjects, outcomes for these patients could not be assessed.
Study sample
During the study period, 1,960 HIV-positive children were registered in the study health facilities. Among these, 1,388 were registered in the hospital clinic and 572 in the health centres (yielding 2,942 and 792 person-years of follow-up, respectively). During the study period, 1,537 children were registered as pre-ART patients, and at the end of the study period, 988 children were registered as having started ART. Fourteen patients from the pre-ART group who had started ART during follow-up were excluded from the ART group (age 15 years at TS for 11, register mismatches for three). Hence, data from 974 ART patients could be analysed.
Statistical analysis
All data were entered into a Microsoft Excel version 14.0 spreadsheet and statistical analysis was performed with IBM SPSS statistical software version 20.0 using Mac OSX.
Patient characteristics were analysed using median and percentiles since the population was not normally distributed. Differences in groups between categorical variables were analysed using the x 2 test or Fisher's exact test, while differences between the two groups in continuous variables were analysed with the MannÁWhitney test. For analysis of CD4 absolute cell counts and percentages, the study cohort was divided into three groups: infants (0Á1 years), toddlers (1Á5 years), and older children (5 years).
Adverse outcomes (LTFU and death) and retention in care were analysed using KaplanÁMeier plots, and statistical significance was calculated with the log-rank test. Death and LTFU were grouped together as adverse outcomes for this analysis due to a low proportion of reported deaths and a high proportion of LTFU.
Weights were plotted against US Centres for Disease Control and Prevention (CDC) charts (21) using Epi Info 7 (22) to calculate weight-for-age z-scores (WAZ). CDC charts were used in preference to WHO growth charts from 2007 (23) since they covered the ages of the study population (in contrast to the WHO charts).
Risk factors for death and LTFU were analysed separately, using crude and adjusted Cox proportional hazard ratios (HRs). Since an unknown proportion of patients lost to follow-up could have died, subjects with LTFU as a registered outcome were excluded from the analysis of risk factors for mortality, and likewise those with death as a registered outcome were excluded from the analysis of risk factors for LTFU. To ensure that the use of HRs was appropriate, the data were first tested for proportionality with KaplanÁMeier analysis. Since proportionality was only found for the first 3 years of follow-up, risk factors for adverse outcomes were only analysed for the first 1,000 days of ART.
For all statistical analyses, p-values below 0.05 were considered to be significant.
Ethical considerations
Ethical approval was received from the Institutional Review Board of the Oromia Regional Health Bureau. Due to the retrospective design of this study, informed consent from participant patients was not obtained. To ensure patient confidentiality, all patient data were managed strictly under code, which was only accessible to the study investigators.
Results
Baseline characteristics
The baseline characteristics of participants with regard to type of health facility are presented in Table 2 . The age distribution between the sites showed variations, which were most pronounced for infants and toddlers, with a greater proportion of infants in the hospital clinic and a higher proportion of toddlers in the health centres. Older children were evenly distributed.
Overall, health centre patients had higher median CD4 cell counts than hospital patients. This was observed for all age groups, with statistical significance observed for patients starting ART. The same trend was noted for CD4 cell percentage, although this information was missing for a majority of patients. No significant difference in WAZ scores was found between patients treated in health centres and those treated in the hospital clinic [for this analysis, 31 patients with outlier values were excluded (18 with WAZ B(10, and 13 with WAZ 4)]. No significant difference between the groups regarding WHO clinical stage was detected, although pre-ART patients in the hospital tended to be in stage 1Á2 more frequently, with a higher proportion of stage 3 pre-ART patients in health centres. Patients receiving ART in the hospital were prescribed TB treatment to a higher extent (p B0.1), whereas there was no difference in rates of TB treatment between the sites for pre-ART patients. A higher proportion of health centre patients had parents as registered caretakers.
Patient outcomes by type of health facility At the end of follow-up, 612 (63%) ART and 299 (19%) pre-ART patients in the total study population remained in care. At that time point, 565 (37%) pre-ART patients had initiated ART ( Table 3) .
The proportions of patients starting ART during follow-up were similar in the hospital clinic and the health centres (51% vs. 47%; p00.13). Some variations in ART initiation rates were observed among the different health centres (Table 3) Adverse outcomes (death or LTFU) were registered for 701 (36%) patients. Among 1,388 patients in hospital care, 512 (37%) had adverse outcomes, including 19 registered deaths (1%). In the health centres, 189 of 572 patients (33%) had adverse outcomes, with 18 deaths (3%; Table 3 ).
In the health centres, 15 participants died within 12 months after registration, generating a first-year mortality rate of 2.6% compared to 1.2% (16 patients) in the hospital. A total of 664 (34%) subjects were lost to follow-up, with a greater proportion in the hospital clinic (36% vs. 30% at the health centres; p00.018). During the first year in care, 395 (28%) patients were lost from the hospital clinic compared to 132 (23%) patients in the health centres (p00.008).
The overall retention in care showed no significant difference between the two types of health facility (Fig. 1a, b) , either for pre-ART or for ART patients (p0 0.86 and p00.85, respectively). Retention in care was significantly lower among pre-ART patients than among ART patients when all patients regardless of health facility were compared (p B0.001; Fig. 1c) . The initial decrease among pre-ART patients represents subjects with only one clinic visit. A greater proportion of patients were transferred to other health facilities from the hospital clinic than from the health centres (16% vs. 9%).
Growth after ART initiation
The proportions of children with malnutrition showed no significant difference between health centres and the hospital, and remained proportional during follow-up after initiation of ART, with increasing median WAZ scores during the first 13 months on ART (Fig. 2) . Similar tendencies were observed for CD4 cell evolution, although follow-up results were unavailable for a majority of the children (data not shown).
Risk factors for death and LTFU in patients on ART
In univariate analysis, the following factors were associated with mortality during the first 3 years on ART (Table 4) : treatment in a health centre, age 0Á1 years, WAZ scores below (4, and WHO clinical stage 4. In multivariate analysis, only age 0Á1 years remained significant (HR 12.0; pB0.001). LTFU (Table 5 ) was associated with age 0Á1 years and a WAZ score below (4 in univariate analysis. After adjustment, these factors remained significant; in addition, age 1Á5 years and CD4 cell count below 350 cells/ mm 3 were associated with increased risk of LTFU.
Discussion
Rates of ART initiation and retention in care for HIVinfected Ethiopian children were similar in this population regardless of whether they received care in health centres or in a hospital clinic in the same uptake area. Although high proportions of subjects were lost to follow-up in both types of facilities, this outcome was significantly more common among hospital patients. These findings are in agreement with studies performed in other countries in sub-Saharan Africa (8, 24) and lend support to the feasibility of decentralising paediatric HIV care to public health centres. Despite the introduction of paediatric HIV care at the health centre level, the majority of children in our uptake area were managed in the hospital clinic. Furthermore, patient characteristics differed with regard to type of health facility. Children in the hospital clinic had lower median CD4 cell counts, and higher proportions were infants. Since these factors were associated with mortality (2) 19 (1) 18 (3) 2 (2) 4 (5) 6 (3) 5 (6) 1 (2) Lost to follow-up 664 (34) 493 (36) 171 (30) 28 (26) 23 (30) 81 (34) 20 (22) 19 (30) Transferred out 277 (14) 225 (16) 52 (9) 12 (11) 5 (6) 22 (9) 5 (6) 8 (13) Not assessable 57 (3) 0 (0) 57 (10) 9 (8) 2 (3) 31 (13) 10 (11) 5 (8) Excluded 14 (1) 8 (1) 6 (1) 2 (2) 1 (1) 1 (0) 1 (1) 1 (2) Patients on ART 974 (50) 705 (51) 269 (47) 44 (41) 44 (57) 106 (45) 43 (48) 32 (51) Remaining in care 612 (63) 426 (60) 186 (69) 31 (70) 31 (70) 64 (60) 38 (88) 22 (69) Dead 30 (3) 17 (2) 13 (5) 1 (2) 4 (9) 6 (6) 2 (5) 0 (0) Lost to follow-up 178 (18) 134 (19) 44 (16) 5 (11) 7 (16) 23 (22) 2 (5) 7 (22) Transferred out 148 (15) 128 (18) 20 (7) 7 (16) 2 (5) 8 (8) 1 (2) 2 (6) Not assessable 6 (1)
Patients initially in pre-ART care 1,537 (78) 1,076 (78) 461 (81) 86 (80) 61 (79) 190 (81) 73 (81) 51 (81) Remaining in pre-ART care 299 (19) 217 (20) 82 (18) 23 (27) 11 (18) 30 (16) 11 (15) 7 (14) Dead
Lost to follow-up 486 (32) 359 (33) 127 (28) 23 (27) 16 (26) 58 (31) 18 (25) 12 (24) Transferred out 129 (8) 97 (9) 32 (7) 5 (6) 3 (5) 14 (7) 4 (5) (14) 10 (14) 4 (8) Results are separated depending on whether antiretroviral therapy (ART) was initiated during follow-up or whether the patient was initially in pre-ART care.
and LTFU in the total study population, the finding of comparable outcomes of care has to be interpreted with some caution. A similar pattern of differences in patient characteristics with regard to health facility (8), such as lower proportions of children below 24 months of age managed in primary health care facilities, was recently reported by Fayorsey et al. (8) . Our observation of an increased risk of death in infants highlights the particular need of ART in this group of children, as well as the requirement for further research on the outcomes of infants treated in health centres. Most patients not retained in care had unknown outcomes (LTFU), and rates of confirmed mortality were surprisingly low. Survival among patients not receiving care is known to be poor, and the fact that age below 1 year was identified as a risk factor both for death and LTFU in our population suggests that several children lost to follow-up may have died. Mortality was found to be the cause of LTFU among 40% of adult ART recipients in southern Ethiopia (25) , and is likely to explain several cases of LTFU in our cohort. Consequently, reported mortality rates are probably underestimated. Children lost to follow-up were furthermore characterised by other baseline factors known to be associated with an elevated risk of death, such as CD4 cell counts below 350 cells/mm 3 and higher degrees of wasting (14, 26, 27) . The low retention rate in both kinds of health facilities illustrates a major problem in HIV care in resource-limited settings, which is common both among adults and children (28) . This shows the need for improved tracing of patients who interrupt clinic attendance, and suggests that such programmes should be introduced in routine care for HIV-infected children. Apart from increasing ART coverage for HIV-infected children, a better understanding of reasons for patient attrition is necessary in order to address underlying factors adequately. Certain facility characteristics associated with better retention in care have been reported from paediatric programmes in sub-Saharan Africa (29) , for example, provision of nutritional support, early infant diagnosis, HIV support groups, and home-based care.
Our study is the first to compare outcomes in children receiving HIV care in health centres to those managed in a hospital clinic in Ethiopia. All public health facilities providing HIV care in the same uptake area were included, and a detailed review of patient characteristics in the respective health facilities was performed. We also analysed factors associated with adverse outcomes in this population, which allowed for a comparison of outcomes in light of differences in patient characteristics at the two types of facilities.
Limitations
Our study was restricted to one geographical area of Ethiopia and the findings may not apply to other regions; however, we think that our uptake area is typical of public HIV care in low-income countries in sub-Saharan Africa. Furthermore, since no population-based data on HIV prevalence in different age groups exist for this area, it was impossible to assess the accuracy of the age distribution in our study population. This may be related both to insufficient antenatal HIV testing of pregnant women (1) as well as delayed infant HIV diagnosis before the introduction of PCR-based methods for this purpose in May 2008 (30) .
As mentioned above, the high rate of LTFU in our population makes it difficult to definitely exclude the existence of differences in mortality between types of health facilities. Furthermore, the unknown proportion of deaths among patients lost to follow-up could have introduced bias in the analysis of risk factors for mortality. Due to the retrospective nature of this study, we were unable to investigate causes of LTFU in the population. Determination of immunological outcome was limited by the lack of follow-up CD4 cell data for a large proportion of participants. In order to assess and compare ART outcomes with greater accuracy, it would be necessary to examine rates of virological suppression, the most reliable method for the detection of treatment failure. Several studies have shown high rates of persistent HIV replication in children on ART and selection of drug resistance mutations (31, 32) .
Conclusions
No significant differences in rates of ART initiation and retention in care among children receiving HIV care in Fig. 2 . Median weight-for-age z-scores (WAZ) for patients on antiretroviral therapy (ART) during the first 13 months after ART initiation at three defined time points. A total of 31 outliers were excluded at baseline, four after 5Á7 months, and one after 11Á13 months. TS: p 00.098; 5Á7 months: p 00.590; 11Á13 months: p 00.466. The numbers of patients included (number of cases with missing WAZ data) are given under the columns. TS, treatment start (date at start of ART). Patients known to have died during follow-up excluded from analysis. TB, tuberculosis; TS, treatment start (date at start of ART); WAZ, weight-for-age z-score.
Ethiopia with regard to type of health facility were detected. However, patient characteristics were found to differ between the two types of health facilities, with subjects receiving care at the hospital clinic showing a higher prevalence of factors associated with subsequent death or LTFU. Our findings support continued integration of paediatric HIV care within the Ethiopian primary healthcare system but also call for more detailed studies on the outcome of ART and causes of LTFU in children, especially infants.
